Where L 0 is the mean luminance, f is the spatial frequency of the gratings, C 0 is the contrast of the grating in left eye, and δ is the interocular contrast ratio. The two gratings are phase-shifted in opposite directions by θ/2, with a total phase difference of θ.
Following Ding and Sperling's model 1 , there is a double interocular contrast gain control pathway, in which each eye exerts gain-control on the other eye's signal in proportion to its own signal contrast-energy, and also exerts gain-control over the other eye's gain-control. Then the contrast gain control weights in the left and right eye can be expressed as:
Where L ε and R ε are the total contrast energy in the two eyes and are modelled as
ρ is the gain-control efficiency of the signal sine-wave grating, are the gain-control efficiencies of the signal sine-wave grating in left and right eye, and γ is the exponent of the non-linear transducer. In the experiment, we set C L =C 0 and C R =δC 0 .
In Ding-Sperling's original model, they assume that the gain-control efficiencies of the signal sine-wave grating in left and right eye are equal when images in the two eyes are of equal luminance
). When luminance was decreased in one eye, we proposed it will change its gain-control efficiency applied both to the signals in the other eye and the gain-control signal from the other eye. Thus, in the following model calculation, we add a multiplicative factor ' ND μ ' on gain-control efficiency to the filtered eye (assume it is left eye), with ND μ =1 when no ND filter was used.
, and the equations (A3) and (A4) could then be expressed as:
The stimuli in left and right eye after interocular contrast gain control could be expressed as:
Following Ding and Sperling 1 , the cyclopean image is computed directly from the sum of
Substituting equations (A1), (A2), (A5), (A6), (A7) and (A8) into (A9), we obtain:
Equation (A10) can be re-written as:
In which, C configure is the perceived contrast and θconfigure is the perceived phase after combination.
The subscript 'configure' means different phase shift conditions: 'configure=1' means the phase shift is θ/2 in left eye and -θ/2 in right eye; 'configure=2' means the phase shift is -θ/2 in left eye and θ/2 in right eye.
The perceived phase difference between the two experimental configurations in left eye could then be obtained as: Similarly for amblyopia, we get:
In which, Abbreviations: Obs=observers; strab = strabismus; RE = right eye; LE = left eye; VA=visual acuity; ET = esotropia; XT = exotropia. 
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